Influence of obstetric management on outcome of extremely preterm growth retarded infants 
Suspected early fetal growth retardation due to placental insuYciency, and causing fetal distress, poses a clinical dilemma. Deciding when to deliver such babies involves balancing the consequences of delivery and attendant neonatal mortality or long term morbidity against the risk of a fetus compromised by nutrient and oxygen deprivation, and the risk of intrauterine death.
We have already reported a comparison of perinatal mortality and short term morbidity in two university hospitals with diVerent management strategies (active or more conservative) for this selected group. 1 Overall survival was significantly greater at the centre with an active management strategy (centre B). This resulted from a number of intrauterine deaths at centre A, after a decision to abstain from active intervention in severely growth retarded fetuses at a very early period of pregnancy. The main reason for this decision was the high estimated risk (about 20%) of severe handicap. Another observation was that centre A's policy of waiting for signs of obvious fetal distress before delivering a very preterm growth retarded infant was associated with less neonatal morbidity than the more aggressive intervention of centre B. We concluded that long term follow up should determine which management method was preferable with regard to postnatal development of the infant, as disability or handicap might only become evident at an older age.
As far as we are aware, no studies have been published on the long term follow up of early preterm, growth retarded infants due to placental insuYciency. Follow up studies are either related to birthweight or to gestational age, without taking into account the aetiology of preterm delivery.
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Methods
Details of the original study population and their perinatal management have been described before. 1 In brief, all infants of 26 to 32 weeks gestational age who showed signs of fetal distress due to placental insuYciency, between 1984-89, were included in the study. The diVerences between the two centres were mainly in respect of antenatal management. Centre A undertook conservative management: in cases where the risk of adverse outcome, based on the estimated low fetal weight, was expected to be high (50% mortality and 20% handicap in surviving infants), 8 the decision was made to abstain from intervention. In all other cases a caesarean section was performed, but only when a non-stress test was obviously abnormal. Centre B used more active management: a caesarean section was always performed, sometimes without awaiting an obviously abnormal fetal heart rate tracing. All infants who survived the initial hospital stay were included in the study.
FOLLOW UP AT THE OUTPATIENT DEPARTMENT
Examinations at the outpatient department of the referral hospitals or by the local paediatrician were scheduled at least until 2 years, corrected for gestational age. Infants were clinically screened at both centres for psychomotor development, neurological disorders, speech, hearing, and visual function. The method was adapted from Egan et al. 9 Two authors (HS, IE) reviewed all outpatient department records. Together they classified the 2 year old children as: normal; suspected of disability or handicap; minor handicap; or major handicap according to the WHO classification adapted for 2 year old infants. 10 In all cases consensus was reached. These results were not known to the investigator (AS) who scored the results of a parental questionnaire.
FOLLOW UP BY QUESTIONNAIRE
In 1994 parents were interviewed by questionnaire. They were asked to assess whether their child had limitations in walking, hand function, hearing, vision, speech-language and comprehension, and whether there was any respiratory impairment. The severity of functional limitation and activity restriction was judged on a five point scale.
The items were categorised according to the International Classification of Impairments, Disabilities, and Handicaps (ICIDH) of the World Health Organisation (WHO). 11 We regarded a child as impaired if he or she had a disturbance at organ level, or disabled if the impairment or multiplicity of impairments caused loss of function or activity.
We regarded a child as handicapped if he or she had disabilities that caused a social disadvantage. We considered handicap minor if it did not seriously interfere with everyday life and did not require extensive caretaking, and major if it did interfere with everyday life and if it caused dependency or institutionalisation.
When multiple disturbances were present we assigned the child to the most severe category.
To determine whether the outcome changed with time, the group was divided into two periods, one with a follow up of more than 7 1 ⁄2 years and one of less than 7 1 ⁄2 years. We compared the results of scoring at the age of 2 with those of the questionnaire.
Approval for the study was given by the research ethics committees of the two university hospitals.
STATISTICS
Data were analysed by computer using BMDP statistical software (Los Angeles, USA). DiVerences between categories were tested for significance using the 2 test with Yates' correction. Significance was considered at P < 0.05. The influence of gestational age, birthweight, sex of the infant, centre, intracerebral haemorrhage (ICH), respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), sepsis and period of follow up on the incidence of disability/handicap was analysed using logistic regression analysis to address the interaction between these factors. Table 1 shows the total study population (n=202), with 34 antenatal deaths at centre A. One hundred and twenty seven children were discharged home alive and were included in the outpatient department follow up programme. Two children were lost to follow up. One hundred and twenty five were followed up at least until the corrected age of 2 (101 in the perinatal centres and 24 by a local paediatrician). No infant died after discharge home. Thirteen out of 127 survivors were lost to follow up at the time of the questionnaire (six from centre A and seven from centre B): two children could not be traced and 11 families did not respond despite repeated requests. Thus 114 (90%) of the surviving children were completely assessed.
Results
COMPARISON BETWEEN CENTRE A AND B
The overall outcome of assessed children is shown in table 2. The percentages of disabilities and handicaps in the two centres were similar, but the overall adverse outcome (mortality and disability or handicap) diVered significantly: 52/107 (49%) in centre A compared with 33/95 (35%) in centre B (P < 0.05).
OUTCOME OF QUESTIONNAIRE Table 3 shows the outcome of the questionnaire for the areas of assessment. The highest incidence of handicap was found in neuromotor function, mental development, and language and speech development. Disorders of neuromotor function, mental development, and/or language and speech development were often found in the same child.
All children but one with a disability or handicap at the time of the questionnaire had already been identified at follow up at the age of 2. The exception was a child who was considered disabled according to the questionnaire but was only classified as suspected of disability at the age of 2. The severity of the disorder changed with time in six children. In three infants handicap was reclassified from major to minor; in the other three a minor handicap was reclassified as disability. Most of these changes were in the area of neuromotor 
function. There was no diVerence in impairments between the centres according to the questionnaire.
Outpatient clinic data were available for 11 of the 13 non-responders to the questionnaire: eight children were normal, one child had a minor handicap (sensorineural deafness) at the age of 5, and one child had an impairment (chronic obstructive pulmonary disease) at the age of 4 1 ⁄2 years.
Both study periods showed a comparable composite outcome of death and disability or handicap (33% in the first period vs 30% in the second period). During the first half of the study, postnatal mortality was lower, although not significantly (13% vs 28%), while disability or handicap in surviving infants was significantly higher (16% vs 3%) (fig 1) .
MULTIVARIATE ANALYSIS
Data from 125 children (including 11 nonresponders to the questionnaire but with a follow up at 2 years) were analysed using logistic regression. The analysis showed that the risk for disability or handicap was increased in the first study period (RR 30.7 (2.4-396)) and in infants with ICH (RR 38.7 (2.1-717)) or BPD (RR 11.2 (1.5-83)). Centre, birthweight, gestational age, sex, RDS or sepsis did not contribute significantly to the model. Figure 2 shows that birthweight relates to mortality and not to disability or handicap.
Discussion
The need for a functional classification of handicap is increasingly being recognised. 2 12 To optimise the comparability of outcome we adhered to the ICIDH of the WHO, which relates to the consequences of disease. Although school performance can be categorised according to this, we have not reported this item because of the diVerences in age at follow up and because the need for special education increases proportionately with age. 6 13 Ninety eight per cent of the children were followed up at the corrected age of 2 and 90% responded to the questionnaire. Tyson et al 14 suggested that untraced survivors may have the same likelihood of handicap as those evaluated. Wariyar 15 reported significantly higher disability rates among those infants who were more diYcult to trace, in a 100% follow up study. Of the 13 non-responders to the questionnaire, only one child was identified at outpatients as having a minor handicap. This made no diVerence to the disability or handicap rate. The reason for being lost to follow up in our population was not related to the health status of the infant.
The use of a questionnaire could possibly have generated a source of bias. Parents might overreport or underreport disabilities and handicaps in their children. 16 However, other studies support the assumption that most parents accurately assess their child's current level of functioning. 17 18 Our results show a similar disability or handicap rate (9%) at follow up at 2 years, and in the questionnaire at school age, with a change in severity in six children. Therefore, we considered it justified to perform the logistic regression analysis in the 125 infants with a two year follow up examination.
Total mortality (antenatal and postnatal) was lower with active management. The assumption that antenatal selection could lower morbidity, apparent on short term follow up, was not evident on long term follow up. The disability and handicap rates were comparable between the centres and no diVerence was detected by univariate and multivariate analysis. This resulted in a significantly higher adverse outcome (total mortality and disability or handicap) in centre A, as a consequence of the intrauterine deaths that occurred with the deliberate non-intervention policy. The estimated handicap rate of 20% expected by centre A was not confirmed.
The total number of impairments by questionnaire was comparable between the centres. It is not clear yet whether the children with impairment suVered similar but less severe brain injuries than the disabled or handicapped Neuromotor function  Gross  2  2  2  5  Fine  9  1  2  2  3  Mental development  2  1  3  Hearing  10  4  Visual function  13  2  1  16  Language and speech function  5  3  2  2  11  Respiratory tract  6  1  7 Data are presented as percentage of the total number of infants. Areas of outcome are not mutually exclusive. 5 13 19 20 21 No diVerence in total disability or handicap rate was detected on follow up at 2 years corrected age and at school age by questionnaire. This agrees with the results of Palfrey et al 22 and Levy et al. 23 Veen et al 2 reported a similar rate of major handicap at 2 and 5 years of age, although their data did not refer to the same children and special education was included in the definition of handicap.
Influence of obstetric management on growth retardation
At 2 years of age one child was suspected but not confirmed as abnormal. The disabilities and handicaps on examination in the outpatient department and at follow up by questionnaire were attributed to the same children, but were less severe. The less severe outcome at an older age might have been due to the child's development or because the investigation of certain abilities is easier at an older age, or a combination of these factors. 2 24 Most children with disability or handicap had a combination of neuromotor function disorder, mental retardation, and language and speech abnormality, which has also been reported by other authors. 2 3 25 26 In this group of children birthweight and gestational age were associated with mortality 1 but not related to disability or handicap. Similar findings were reported by Veen et al, 2 Touwen, 27 and Scherjon. 28 On the other hand, Ehrenhaft et al 7 concluded in a review that birthweight was an important factor, although birthweight alone was used to define the study populations. 29 Some authors have found an increased incidence of neurodevelopmental handicaps among children with abnormal ultrasound images of the brain. 28 30-33 Weisglas et al 34 showed a significant relation between abnormal scan and BPD. Our results show an independent influence of BPD as well as ICH on disability/handicap. In our selected study population disability or handicap were related to neonatal complications and not to gestational age and/or (estimated) birthweight. This explains the unconfirmed antepartum prediction of handicaps or disabilities in centre A.
The overall adverse outcome (mortality and disability or handicap) was comparable between both study periods. Notable is the lower disability or handicap rate in the second half of the study period. This concurs with a previous publication. 35 This change with time was present in both centres.
As all disabled or handicapped children had already been identified by 2 years corrected age, the disability or handicap rate in the group ascertained in the second period will probably not change with advancing age. Michelsson 36 has suggested that five year follow up findings remain valid at nine years of follow up.
Concerns have been expressed by many investigators that oVering neonatal intensive care to extremely growth retarded infants might result in a higher prevalence of disabilities or handicaps due to an increase in survival. 8 
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The lower disability or handicap rate in more recent years in our study is reassuring. During this time, ultrasound imaging of the brain became a definitive part of management in both centres. In some patients treatment was discontinued following sonographic detection of severe cerebral abnormalities. Discontinuation of treatment postnatally seemed to be eVective in the prevention of disability or handicap, whereas antenatal prediction and selective non-intervention were not.
Published studies on long term follow up in early preterm infants deal with populations selected by birthweight, gestational age, or a combination of both. The specific selection in the present study-namely, growth retardation and fetal distress due to placental insufficiency, as well as the diVerences in duration of follow up and outcome definitions-make our results not strictly comparable with those of other studies.
The major handicap rate of survivors in a neonatal intensive care unit (NICU) based study is reported as being 10%. 40 41 Dutch NICU based studies detected 12% at 1 year of age 42 and 16% at 3.6 years of age. 43 Contrary to expected, 8 growth retarded infants as selected in our study seem to have a comparable risk of handicap as other preterm infants.
Whether this also holds for intellectual outcome remains to be seen. Hille et al 13 reported a higher handicap rate at nine year follow up compared with that at five years, due to an increase in children who entered special education after the age of 5. Further follow up is needed to discover if the non-disabled or non-handicapped children in our population will eventually show a high rate of minor developmental problems.
Although we have selected our patients extremely carefully and have put considerable eVort into a uniform classification of neonatal morbidity we could not control for all possible confounding factors. Some diVerences between the centres or changes during the period of the study may not have been accounted for. We consider that randomisation between an intervention vs a selective non-intervention strategy (accepting fetal death) is unethical. A comparison between centres is therefore the next best solution.
Ninety one per cent of surviving infants in this selected population are not disabled or handicapped at school age. Gestational age and birthweight were associated with mortality but not with disability or handicap. Antenatal prediction and selective non-intervention were not eVective in handicap and disability prevention. Disability or handicap is mainly related to neonatal complications (ICH and BPD).
